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Abstract.
Temperature and ozone profiles from SHADOZ (1998 SHADOZ ( -2005 Temperature profiles, regressed against the Southern Oscillation Index (SOI), reveal anomalously cool, but also wavy lower stratospheric temperature anomalies over Kuala Lumpur and Nairobi (37 o E 1 o S). Tropospheric ozone profiles associated with the SOI show a statistically significant signal that is consistent with anomalous vertical motions that are known to occur during ENSO, but also exhibit fluctuations at a 40-50 day time scale.
Introduction
There exist various interannual and intraseasonal dynamical processes that can influence 1 the variability of tropical temperature and ozone. The quasi-biennial oscillation (QBO) 2 is the most prominent form of variability in the tropical stratosphere (Reed et al. 1961; 3 Veryard and Ebdon 1961; Naujokat 1986; Andrews et al. 1987; Reid 1994) . Accordingly, While the QBO is undoubtedly the dominant form of interannual variability in the 9 tropical stratosphere, the QBO-related tropical tropospheric ozone signal is less well un-10 derstood. Ziemke and Chandra (1999) 
estimated the tropospheric column ozone (TCO)
11 from TOMS data, and correlated the TCO values with a QBO index which is based on 12 the EOF analysis by Wallace et al. (1993) and Randel et al. (1995) . They found that 13 a statistically significant (see their paper for detail) tropical TCO signal is present be- 
Data
The SHADOZ network has collected over 4000 profiles over 14 stations from 1998-2007
68
( Thompson et al., 2003a,b) . Figure 1 shows locations of these sites. The ozone measure- 
77
Ozone and temperature data used in this study were reprocessed in April 2007; a few 78 profiles were corrected or discarded relative to data used in earlier studies (e.g., Thompson , 2003a,b; 2007; Folkins et al., 2006; Randel et al., 2007) . These data are archived at was subject to a 10-point Butterworth filter whose cut-off period is one year. Throughout 88 this paper, the latter data will be referred to simply as low-pass data. The vertical range X -8
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two EOFs, the QBO signal, is also greater for the ozone than for the temperature field
111
(see Tables 1 and 3 lies. In addition, as was found previously (Wallace et al. 1993; Fraedrich et al. 1993) ,
127
the EOF analysis also captures the property that the downward propagation during the 128 westerly phase occurs more rapidly than during the easterly phase: each of the positive 129 PC1 extrema lead subsequent positive PC2 extrema by about 2-3 months, while the nega-
130
tive PC1 extrema lead subsequent negative PC2 extrema by about one year. These QBO 131 characteristics are also evident in the EOFs of the unfiltered data (the thin curves in Fig.   132 2). Although the fractional variances accounted for by EOF1 and EOF2 (see Table 3) are greater for low-pass filtered data, those for the unfiltered data are also substantial.
134
Comparison between Tables 1 and 3 indicates also that the difference in fractional vari-
135
ance between EOF1 and EOF2 is smaller for the analysis confined to the stratosphere,
136
reflecting the fact that the cyclic QBO signal is confined mostly to the stratosphere.
137
As can be seen in Fig. 2 leading PCs from the low-pass ozone data at the Kuala Lumpur site as our QBO index.
142
For the sake of brevity, the first PC will be referred to as QBO index 1 (QBOI-1), and 143 the second PC as QBO index 2 (QBOI-2).
144
Because this definition of QBO is unconventional, before presenting analysis results, we 145 also show in Fig. 2 In addition to the expected downward QBO signal in the stratosphere, Fig. 3 shear zone also plays a role (Choi et al. 2002) . Figure 4 shows that this shear-w'-ozone
196
anomaly relationship also holds for our analysis.
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The regressed Kuala-Lumpur temperature profiles ( 
Tropospheric ozone anomalies
The regressed ozone field reveals that there are also significant ozone anomalies below can be a potential cause for the zonal asymmetry in the tropospheric ozone anomaly.
217
However, because there is no reason to expect that biomass burning is correlated with EOFs describe the QBO, the stratospheric structure of EOF3 is particularly problematic.
249
For this reason, we use ISOI, rather than the PC3 time series, as our ENSO index. The 250 daily ISOI is sampled at every five days, concurrent with the interpolated SHADOZ data.
251
In addition to this unfiltered ISOI, a low-pass ISOI is also used as an index. As for the 252 QBO index, the cut-off period is again one year. However, our focus is on the intrasea- between the 15 km and 25 km levels is also hinted at in Fig. 6 of TS. In this figure, the UT-LS feature is real, and is not due to a deficiency in reanalysis data set or to an artifact 278 of the EOF analysis. Moreover, the zonal variation within the layers between 15 km and 279 25 km (Fig. 6) indicates that this wavy UT-LS temperature anomaly structure does not 280 occur uniformly in the zonal direction. Given that convection is most active over the
281
Indian Ocean and western Pacific, the proximity of Kuala Lumpur to this region suggests 282 that variability from this region is the main contributor to the UT-LS wavy feature.
Having shown that the UT-LS temperature anomalies, identified in TS, are also cap-284 tured by the SHADOZ data, we next attempt to address how these UT-LS anomalies 285 are generated. Figure. 6a shows that, while the UT-LS anomalies are characterized by 
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Upon averaging the composite fields from lag -20 to lag 25 days, we find that the 306 resulting field (Fig. 6b) shorter than a month. The consistency between the UT-LS structure shown in Fig. 6 314 and the findings by TS suggests that ERA40 data is adequate for such investigations. MJO. This possibility has been explored by Ziemke and Chandra (2003) .
338
It is also worthwhile to note that Natal's 1-km ozone anomalies, as for the temperature 
Concluding remarks
Temperature and ozone data from selected SHADOZ stations (San Cristobal, Natal,
345
Nairobi, and Kuala Lumpur) are analyzed to study their variability in the tropics. For 
390
It is shown that significant tropospheric ozone anomalies are also found to be associ-391 ated with ENSO, with positive (negative) anomalies in the region of anomalous down-392 welling (upwelling). This result is consistent with an earlier analysis based on TOMS data 393 (Kayano 1997). Our analysis further reveals that the ozone anomalies tend to be weaker in the lower troposphere than in the upper troposphere, further supporting that the ozone 395 anomalies are due largely to stratosphere-troposphere exchange processes. Even so, it is 396 noteworthy that the anomaly amplitude (corresponding to one standard deviation of the 397 ISOI) at the 1-km level is as large as 2-4 ppbv over the Natal and Kuala Lumpur sites.
398
In this study, we found that significant QBO and ENSO signals exist in tropospheric 399 ozone. Much of these signals appear to be of dynamic origin at both interannual (for both 400 QBO and ENSO) and intraseasonal (for ENSO) time scales. 
